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(57) Abstract: A silicoo nitride film (2) is provided en a silicon substrate (1), and on the film (2) is laminated a SCTriconductor 
O laminate (11) having at least n-!ype layers (3), (4) and p-typc layers (6), (7) COTsisting of ZoO compound semicooductore so as to 
^ fonn a luniinous layer. Tbis silicon nitride film (2) is jHcfer^ 

^ as ammonia gas. In another embodiment, a luminous clement or the like is finmed by growing a ZnO compound semiconductor 

O layer wid) a plane orthogonal to the C plane of a s^hire substrate used as a main plane, thereby providing a higbxhanictBristic 
* . - . 



element using a ZnO ccanpound such as an LED excellent in crystallinity and high in hunmous efficiency. 



wo 01708229 Al lillllll811illiiilllllillDI 

(84) liSSri£J|l>: 3-n-y/<«»(DE.FR.GB.rr,NL). 2X*3- KaifftOlSHlCOt^ri*, S««fT**.* 



(57) S«: 

i/U3>s« (1) cDaiBt:$/U3>^'y^iii (2) ifim^^nx^ 

Ox ^CDi''J:3>^.y{bM (2) ±fc: Z n 0^^b^ife*^«iip6> fe* n 
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Bj^ m m 

5 mm^s 

-10 ©Z nOl^fl;^«!l*#ft:>&ffiV>fcm^. * J: ti?»0|g^*Sig-r5 
ttx HS^^'y r®±TPS^S**e>mDm■frS^^tK:^P§:&r5^:^:iJ*T• 
ir<D|g9=^^<4 |Di±-r S c: J: #T- § S Z n O Sffl 

© C ®± tc G a N ^.{b^i^iji^ft: -r -5 C i: t J; D ^ tl S J; ^ {C 
25 Cl©«liitt. 0 1 4 (cLD^-y 7-©^«iJiH^0is^.$ttS J:^t:> ^ 

77-(Tmm2 i±tiii m^yit^it^^^mi^ifi^m±mit^%m 
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^Sffi (Metal Organic Chemical Vapor Deposition i:JLT^ MOCV 
DiilO) t)li*«M^tl5 4»©-e. GaNiS»®2 2. nBG & 
Nli23. Alo.i2Gao.88N3{)»f)ftSnB^7'y KJi2 4. GaN 
A»?»^5nff^)t*V 2 5. I nOaN^fb^tl^^i^^Of-MM^ff 
5 P«ligA»e.*5f5i4^2 6. pff^G aN*>^%-5 pB^fc^-f Kii 2 7. 
pJf$Alo.2 Gao.B N3&»e)&5 p?^m 1 ^^^^y K^2 8 a. Alo.u 
Gao.88N*>?>*5p 0^ 2^5'yK«28b. pff$GaN*»f);5::5 

2 9±t:p<l!im@3 01fi^ti^tim^^tiZZtizJi*)m^^tiX\^^?>o 

7 7^Ttmmi:i-^^V-:S±)U (hexagonal ))^ST'fet)x 

GaN^<b^^i|t#«:®xi^^:^^-\.;i/j^Sffla«i: 
LTX||fl<Jt:l£<ffl^^e>tlTV^;5i®isc®cr) (000 1) ■»?-77'-f7' 
20 Ifi. Sfii:LT#^^tlTl^So 

CI© (0 0 0 1) l^-^T-f 7'S«±'v©ZnOm{b^«&^«i*:©JEKg 

if a:5.y;i^3> 7DA -fe>>l/77''y-b> 7";!/ K ZnO T'f^D 
^UJ^^^^h i/> 7'f;i/AX ( Room-teoperature ultraviolet 
25 laser emission from self-assembled ZnO microcrystallite thin 
films)j {77^4 K7^ i/'y^XU^^- (Applied Physics Letters) 
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^72^25^. 1 9 9 8^6^220^. 3 2 7 0 ~ 3 2 7 2 H) Jc 

^^mtt^ (0 0 0 1 ) v-y T ^ T^^ifimi^^^tixuitcsb. 
^ © - gp x «y ^ > y t T m m ^ -a- T ^ © 4^ ^ ® t ^ 1 1 ti « «i 

15 V^So 

^^t, 1^-7 7"f 7'©cftfific,(i 1 . 2 9 9 1 nmT- a^Sa,A* 0 . 
4 7 5 4 nm-efeS©t:?* LTs Z n O© c c ,tt 0. 5 2 1 3 nm 
T'a|ft;Sa,ttO . 3 2 5 nmTfe5fc«>. IS^^S^Setts e= (a 
.-a,) /a,= -3 1.6%i:^^t::^#<ft5„ ;i©i©^. 0 1 5 

20 ^x^tiS Z n 0©iS^*s3 0 ' lelfe UTfigfi-T S^^ASfe-SAJ, 

^©®^T-*.. fe^^g^Jg^ett. e= (2/3"*- a. -a.) /a,= 
- 2 1 . 1 %^:*:tC:*;#v^o ^©fctox i: < t:i^Sfiesi^©aigSie 
•^x Z niJJ:tJf 0 7C^©^I&M. Sfe©^iS®S;?^-?>. fg:^^I^J5:if 
©S^©/^3^-^ASMMt:f^fflL. igSfifeS®©^Stt©S31ttt:^ 

25 L^^^:v^^Bgs*sfeSo 
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Xi3 J: UffiEffl® T'SfJ i: & S L E D L D * ir©^^<*:|g3t^^ 

#<*:I6^^^^® ll#tt- -5 C i: t „ 

15 ^^«:if©Zn0l^^^ti<&fflt^^^^*ll#t-rs::i:{c;fe5o 

Z n O^^b^^i^S^ *^5c:i:Ast?^SZnO i^fb^«5® |gSj*g:«r 

20 ZnO^<b^«!l4i#(*:SffllK ^3fci^<4©S*ifcLED-^LD*:if©i|i 
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Wt^^tiXT=^jvy7 7.^i-%zttz$>i!)^ i>^*)i3>mWi(0^mti^y 
10 mtfiLfco 

15 «lJia5^:$#^•e^^So 

J± Z n O ©fi 1 1 AJjtTDig Z n * tt II B l^^m i: Z n * fc J± II A«l7C 

iJiT0l6 w t:43 v>T * ^ c -e s o 
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5 ©^®ttSI^&V^^^. fc^:x.«Sl^igx;^;^:%:-^^lDl|r^i (RHEED 
m; 10-5 0 kVT*iHIj^^tiife:m^t-AS»l6^iBfc:g|U^g[ ( 1 

h U-^©ttSlipt»;iii)K (spotty) ®^A*Sn5S]gO*tSI?feiti*-r-5o 

ttrS^#(*:«[®SA*x CdxZni_;,0 (0^x<l) 3b»?>«:-5iStt 
m^s MgyZn,.yO (Ogy<l) ^ D BaH3JS<4® J: D /t> K 
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stv^o r^cto^x feii^tfe 5 o*CTf-y^«iS4fTa«^x 5-1 

10 S^40J:V^ZnOl^fl:^t^^3li*:Ji)^>s^^,^l«i^^o*fc.8 0 0"CT-^'y 
E D St J: D J' u >^ ^''fclS©^ia«SIStft*r S :i 1 1 J: D . J/ y 

ZnOmfli^«aJi*J*grsc:i:tJ:D. ^^CJ^gtttffiix. Ig^t*^ 
<4 «c if ^ ©g ti ^ ^ 3&s^ e> ti S c i: ^ m L o 

M^i±. D-y 7 4 7£\R<D cm tm^t^m^i.mtti-*)-yT-( 

0 m < b ^ Ji i: « L T V ^ s o 
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zzfz'try T ^ T^^(D cm tm^t tit. v-y t-( tcdamcd 
w © o * ^ tf it I* -r o 

5 coMiitcfSc: iitii Ox •9-7 T'-r T'atg© c$di:&|p^i:g^:)5isi(c 

a||l|ASM^T•figg■rSo ^(Di^m. cflliS ( 1 . 2 9 9 1 nm) 

TZ nO^fl:^^4ffl^©JjgS0a$lllft (0.3 2 5 nm) ifi^U. m 

10 i'bCDt^^^tiio 

So 

7" ^« © lirs i S ± t: i 1^ ^ 4r i/ ^ S ^ n fc Z n 0 1^ fti ^tl 

BiiSi^#«:«iiaJi>Js Cd,Zn,., 0 (Ogx<l) /pe)&S?Sf4 
Mg, Z n,., 0 ( 0 < 1 ) ^ ^ D ati IBrSi*^ J: 0 a* > K 
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fcLED-?>LDibs^e)ixSfc«>»$ LV^o 

mm. ^^mtzx ii^mi^^^m'i'(D-mmmmx';s>i LED 

:lL;fcZnO®©X«gcDSIJ«t:j;:5:t<-;i/7-f 138 (b) 

ZTiOm<oy it Y )v X ^ y y V 7.^^ V )v (a) CM^^Mh^ 
01 Ott. *«R8K:J:»)-9-7 7"r7©AiB±t:ZnO?£^S^-e-fci: 

©-{?!IT' S L E D ^ T-^a^B/JST'ij S o 
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1 0 

0 ffe © 03 T & * L D ^ y r CD Ift 0^ 0 T- * § o 

0 ^ t: ffe © 0!l T* * S L D ^ r © Si BJi 0 T <5 o 
5 0 140:. i«*©G aN^<b^i^^^<*:=&ffll>fcLD^-j/r©-fi?!l© 

10 «^<£||Jl6-rS*:«>©g^©BHi 

* J: tr^ ©Slife t o v^ T ittHj -r S o 
mm-^^^L E D^ry r©^SittBJEIA*^^nS i 3 U 3 >||« 

^(*i©«3|stT'&S^i?*;i/^i^3!js. §«It:$/'j D>i:Sib<SjtSLTx 
25 3>Ste©^iB* fr^^yftiftlSUTx a-K^ffiC^V^U >i^;f:> K 
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1 1 

h i6» X. o T ^ ® ±(D Z n 0 ^flS^^^#<*: l^g-fb L T leSi*©® tl 

•r^t>t>s U 3 >afe 1 ?fei5fe#MS tTMB E (Molecular Beaa 
Epitaxy; iSSfigg^gt: Ati. tztx.t£NE,iS 

10 7.iRFmmizxy^x-Tmi&Ltz^m-c. MBEt^mmMimmtzmx 
T- 1 s^mMm.^'<ir>iiZTto^it^m^m^mifiT^)\^y7X{ti\. 

xn^X.iiSiif^tz (xRi) „ Sfe, 8 0 OXIT: 3^^0^'y^M31$ 



^1 ^ ^mm(ou^tnf^\znr ^mm.(oi{Km 



9m^i§i (°c) 


6 5 0 


6 5 0 


6 5 0 


6 5 0 


8 0 0 


Msi^p^ (^) 


5 


7 


1 0 


1 5 


3 


m n 


O 


© 


O 


X 


O 



i£ t ^ jS |g T ti M S M it S V > » . fi O «l a 1^ Fh^ T- |5l © fli M *^ ^ 6» ti . 
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1 2 

izm^^tix\^^i>s.mM:^^)i'^-mi'^mm (rheeds) tma 

5 ti^:^m. •ri3it>*>mirm5 i t:j:D l 0~5 0 k VT-inM^iifcm^ 
t-A5 2$Ste5 a^lBCai^^e^ ( 1~2° WT) ^TAIt^-B-. 
^ffiJ^^C JioTRItlalST^nfcS^t-A 5 4 'J-> 5 5 

mm i7,hv-i7^<D§SL) ifimn^ifi, &m.mmizmaifimfi-cT^ 

< t)^ 7. h ^-^^(Dmtiim^LXjk^ (spotty) (D^ifi 
20 «a*43&J«c<«:D. Lfe3J)SoT|51i>rlS^f^ttiifc^n;&< J&t). RHEED 
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1 3 

asc^^iiii* < X 03 (c) ic^x^n-s .t^jfeu >^^«©|d1 

* 6 5 O'Cm&lZ^Ut i>t. > U 3 >StS 1 ©^S©^<b Lfc^^As 
5 MTC^nxi^i^tL. ^SttSlttE3 (b) fc:^;^^n* ^tt® 

10 ^mifits ^^(o^ifiis'pif. is^ggffaiis mmm3 (c) c 

•r*t>^. Bir3^©^«=*M®As^^ti5CDH:. 0 3 (b) t^^tL-S 

ttSI©¥Stt® 5 ^ 5' {bM®«SI {c Z n 0 ^ ti 

15 03 (c) t^^tiig Jia^tU >^tt©|5ljffi^t:j5:5 i:. 

20 m^tiio 

K-r©nB^ U3>S« (ill) ^ffll^SdJiAJTtSo LiPLx 
jnD> (B) Ui^^ K-7'UfcpJ&»&-¥>ffl;^{4As ( 1 0 0) ®^©T- 
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1 4 

tR H E E D^t <t D ISg* L«iAst,^il$^;S - 
mnat^-Ct. tfcNOj&fiefflf SdfcfeTt-So Z(Di^Vzi> 

Zn03!pe)«cS3>^^ h ® 3 *s 1 >um§e[x l^l:<Ga*K — rufc 
MgyZni_,0 (0^y<l. 3fe:J:x.Ky = 0.15) *»^))5:5nJ&^ 
KJi4 A<0. 2 AmSfiSx C d n ^.^O { 0 ^x< 1 ^ ij^':>!7 ^ y 

20 0 S) ti^i^^imiim SifiO . 1 /ummnt. Ga*5J:t5N*|^Rf K-r 
LfcMgyZn,_,0 (Ogy<K fca:x.Ky=0.15) i(^hti?>p 
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1 5 

gPlcN i/Al **:ttN i/Au&if©a^<*:*»^3&Spffi!I^«i 10*$ 
U7 ifc. i'Un>S«l©Sffittt, Ti/A 

1 SfcliT i/Au«cir0M<*:3tpe,^j:Snffl!im@9 

10 otrt. 3®LED©SSt:oUTiiBJi;&t-5o fehxKMBESIg 
l^fc^/U 3>S1R 1 y5^-f >^L. mm 1 6 5 0"Cgfit: 

NH3:tf;^$jSM0 . 6 s c cm-e?^A L. m:^7 3 0 0 Wg^Oig 

a« 1 cDSJt* 3 0 0-4 5 O'CSSt: L. r^X-r^l^cD 

fi8l*^i2^Tt:iJV>T. Zn(DV-xm ©i'-f •y^^-smt, Z 

©Z n0i»e>«i5nj&3>^i^ hM3* 1 /zmg^^fi^ -fr 5oOl>T. 
20 ^ ^izMg0V-xm i-bJU) ®v^';'^'--fe^Jt,Mgo.isZno.8s 

•b;i/SI8i?)x Cd V — Xp«^';i/©-fe;i/©S/^ y ^J' — ?&^v>t CdSMI* 
Cdo.o8Zno.9 2 0 ^:0. 1 ^/mgig[J5£fi-r<5o •:>^^T-s Cd©-t 
25 ;i/©$/-^ •j'lJ^ — $gB*!)x iiS[Mg®-fe;ui3 J:i5Ga©-b;b3&||{t, 
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1 6 

2 //mgg®^${C^(tSo ^<D^. &&l(DMM^m^L. 1 0 0 /z 
10 *»^«:Sn«M9 ^tfeiBt. I T 0188 ±©-SiJt: T i /A 1 J&if** 

H 1 *iS L E D ^ rtf^ ^ o 

15 «©SiBt:^'yfl;5/U n>M]&$^{t^ti. ^©±t: Z n O mfl:^*^^^ 

tzif><Dmm^ntz^mii^m<D-^^:i:-if^>!/r^'£-wt^t^ < & 
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1 7 

do.2 Zno.sOtf^^tj^Z^^UTmt^ :'^)\^mt^^ti^tl5 nm:fei 
15 ^^4 nm-:5o>fi55t:2~5M-:3oa^Ufe^aM^#p«l3i{::J: 

^tz. m4izm:^ti^mxii. M^m^m 1 7 ^msbjLtiS Asmm 

Kg 6 a©±Cs fei:^«nJf^Mgo.2 Z h o.a 0 A* S S«t^ 
3^® 1 7*s0.4//mSg[^lte>*i. -Hi^g^ft^aiJp^ e^x/N^^^ 

U&0Hrjil^<DTJli3 U^ffiEtJ; Dm«t»l^^ 1 7 $ X h 5 r*^t:x y 

Mt> pSMgo.,5Zno.8sO*^e.^ci)Pff^m2i^-7-y biJJ: 
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1 8 

^mtbjLtS S A S M«liiO L D ^ y 7*$:?f^fig1-<S C *ST- 1 . rStt^® 

t^-To c:®«Jil±p{BiJ^<g 1 0 A^;^ h 7*tt{c/'«^-ri>^^tiT 

25 ^«cpn^i^-^M I s i^m-mmm-^mi^m) m}^rjih^fk(Di^jtiz 
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1 9 

^tclb(oznom<t^^m(D^^m^M^:^^^z'o\.^xmm^^rio 

C IB r 5 iS S ± ® a T S -y- 7 7 T * « 3& ffl t ^ * |g 18 1 J: 5 
20 ^mtt^^y T^T&^ 1 a±t:ZnOfls^«aS:&^gLfcWfaittW 

tiAm (1 1-2 0) ^^mt-r^^f-y7-(Tmmi a(Z)Birg2iiB (a 
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2 0 

5 iiAs^ 07 (b) fc:#!Sg©Cffi©jE®0As^^tiS id CiS©« 

©(11-20) ©®:^{47!^^tiS®T'fe'5o c©ffi:&titt 6(Di?tKi; 

07 (b) tC^^nSctolc^ 1 o©A^ttlCT?Bfig$tlSiegT- 
6^m*So ci©AiB-r*ixttx ^i$-rsJ:-5t:it7T'f ^©clli:^^: 
10 Z nO©a*!iSAJ4ffl^t:?5riE;LTx StifclSS«ligAJ# e»ns 

c©#^t:*-:5 < i:, >i>-r b*. A®T-$>S'^i|{i*i: <. 07 
(b) ©XT'^^iiS J;-5 AiB3&^C®l^-eislfe-r5<td3S:®T-*C 

:i3s ^©CISC^^LTit^ ^:v^d©{±. {JtSS^ v> dgS© 

15 *»©-e. illt©®7S(4©^llTfeS ± 0 . 5 ° S^©®Htt3Sg^g© 

c:©-b-7T^7'^«la±t:ZnOfl:^«3M3^^:g-r5t:(±. SfA 

20 h'D (Load Lock) ^CAix. 1 3 3 x 1 0 " « P agSJ^tT©^^ 
S^T. 4 0 O-CSST- l^®gigf©^iigJta|gl&L. 3S^^«:7k^?&jR« 
■To 

^^U^^^T'^k. 133x10-^-133x1 0-»»P aggOM 
^j^tC^fctlfcMB E (Molecular Beam Epitaxy) ^gtMIA-rSo ^ 
25 LT. 8 0 O-CSlgET 3 0^SJg[©1t-T;i/^ U*:^t: 6 

5 0 "Cggt t-rs. -€^LT. 02^x*;i/$:13.5 6MHz©RF(C 
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2 1 

X D r^Xv^bfSc: ioTfiti&t. Z n © -b ;kd ^ - H 

Z nOttaftH^lRlT- 6|5I^I!|;T•feSfc^{>^:♦:*«c^) 6 ji^ L/3!p(5Uf>'^^— 
> (®©SiS:J&|Dl©ttg) *s3Stt'5:V>tt-rT-feS*Ss 08 (b) tg^^ 
iiSC®±{cj^gtfcZ nOMT-tts ZnO©ai&^-9-7T-rr©a«| 
20 iiJ&J^ff^ciiC^Oflfetix Z nO©a$iftA«if7 T-Y 7©aftf|t:3l* LT 3 
0» |5IfeUfcM^'->*«A»)SbDx 1 2;Si©M^^->i>J«J^$ixTlr> 
S (Hl^titt. 3 0' @lK©{ig©/^^->l±^g[*s^<, -^©fJ^As 

:*:|gri8©AS±tj^&^-&fcZ nOHtt. Z n 0© A® i:^7 
25 r©CiBi:3bS¥ff Ox Z nO{±-^©l^S:;5|qFT-^^-7r>f ^©ctfll 
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2 2 

T-x RHE EDffi (SI*i^:c;f.;U:^-^^(DljfrS ; M^miZj:*) 1 0 - 
. 5 0 kVT-i!jnji^tLfcm?^t-A^S««JS{cai^^^( 1 -2° UT) 

T O C ® ± C J* :^ L M T {* s * CD Z n 0 / ^ ^ — > CD t: I w 1 — 

yi^Mifitct^. *^B^©Affl±{C£SfiLfcZ nOJ^T-fct. ®F»3i2l«Icr)SL 
tlASft < ^:3l5CO Z n O CD^'^ - ><D*LAS|g^^ ^ 

10 ia9tt. ZnOiK©3lSS«JS$$e»tzsij(Z):3£r^-ciS'<fc*©-e> CCD 

■t^7 7"r 7'^«±t:^gLfcZnOllCDi|$tt-e. Clf ^^tLSJRfi^ ASC 
15 ii*iiSi:1-S-»f7r-<7'S«±t:j^gLt Z nOCD^f4T-*.So 09 
*»e>*>W^ip*.fc9fc:, *I6B^©Z nOMTli. Cffi±{zj^fiLfcZn 
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